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Childhood maltreatment is a stressor that can lead to the development of behavior
problems and affect brain structure and function. This review summarizes the current
evidence for the effects of childhood maltreatment on behavior, cognition and the brain
in adults and children. Neuropsychological studies suggest an association between child
abuse and deficits in IQ, memory, working memory, attention, response inhibition and
emotion discrimination. Structural neuroimaging studies provide evidence for deficits in
brain volume, gray and white matter of several regions, most prominently the dorsolateral
and ventromedial prefrontal cortex but also hippocampus, amygdala, and corpus callosum
(CC). Diffusion tensor imaging (DTI) studies show evidence for deficits in structural
interregional connectivity between these areas, suggesting neural network abnormalities.
Functional imaging studies support this evidence by reporting atypical activation in the
same brain regions during response inhibition, working memory, and emotion processing.
There are, however, several limitations of the abuse research literature which are
discussed, most prominently the lack of control for co-morbid psychiatric disorders, which
make it difficult to disentangle which of the above effects are due to maltreatment, the
associated psychiatric conditions or a combination or interaction between both. Overall,
the better controlled studies that show a direct correlation between childhood abuse
and brain measures suggest that the most prominent deficits associated with early
childhood abuse are in the function and structure of lateral and ventromedial fronto-limbic
brain areas and networks that mediate behavioral and affect control. Future, large scale
multimodal neuroimaging studies in medication-naïve subjects, however, are needed that
control for psychiatric co-morbidities in order to elucidate the structural and functional
brain sequelae that are associated with early environmental adversity, independently of
secondary co-morbid conditions.
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INTRODUCTION
Child maltreatment, or abuse, is the physical, sexual, emo-
tional mistreatment, or neglect of children. Child maltreatment
is defined as any act or series of acts by a parent or caregiver
that results in harm, potential for harm, or threat of harm to
a child (Leeb et al., 2008). There are four major categories of
child abuse: neglect, physical abuse, emotional abuse, and sexual
abuse (Giovannoni and Becerra, 1979). Neglect is the failure to
provide for the shelter, safety, supervision and nutritional needs
of the child and may be physical, e.g., lack of health care, aban-
donment, inadequate supervision; educational, e.g., allowance of
chronic truancy, failure to enrol a child in school, or emotional,
e.g., inattention to the child’s needs for affection, refusal of or
failure to provide needed psychological care, and permission of
drug or alcohol use by the child (English et al., 2005). In physical
abuse an injury is inflicted on the child by a caregiver via various
non-accidental means, including hitting with a hand, stick, strap,
or other object; punching; kicking; shaking; throwing; burning;
stabbing; or choking (Sedlak and Broadhurst, 1996). Emotional
abusers reject, isolate, terrorize, ignore, and corrupt their vic-
tims (Garbarino and Garbarino, 1994). Examples of emotional
abuse include verbal abuse, penalizing a child for positive/normal
behavior and witnessing domestic violence. Child sexual abuse
is any sexual act with a child performed by an adult or older
child including intercourse, attempted intercourse, oral-genital
contact, fondling of genitals directly or through clothing, exhi-
bitionism, exposing children to adult sexual activity or pornog-
raphy, and the use of the child for prostitution or pornography
(Putnam, 2003a).
Early child abuse has many behavioral consequences includ-
ing most prominently internalizing behavioral problems such as
limited stress tolerance, anxiety, affective instability, depression,
suicidality, Post-Traumatic Stress Disorder (PTSD), dissociative
disturbances and hallucinatory phenomena, but also externalizing
behavioral symptoms including poor impulse control, episodic
aggression, substance abuse, Attention Deficit Hyperactivity
Disorder (ADHD) and conduct disorder (CD) (Rohsenow et al.,
1988; van der Kolk et al., 1991; Kendall-Tackett et al., 1993;
Kessler et al., 1997; Brodsky et al., 1997, 2008; Kingree et al.,
1999a,b; Osofsky, 1999; Thompson et al., 1999a,b; Heffernan
and Cloitre, 2000; Heffernan et al., 2000; Kendler et al., 2000; De
Bellis, 2002; Clark et al., 2003; Putnam, 2003). Early adversities
in the life of a child thus have been shown to have detrimen-
tal effects on the mental health of the child. Child abuse and
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early life stress has furthermore been associated with a series of
cognitive problems such as low academic performance and IQ,
as well as with specific deficits in language, memory, inhibition,
and attention deficits (For a review see Pechtel and Pizzagalli,
2010).
Childhood maltreatment is a severe stressor that, in addi-
tion to behavioral and cognitive problems, produces a cas-
cade of physiological, neurochemical, and hormonal changes,
which can lead to enduring alterations in brain structure and
brain function (Teicher et al., 2003, 2006). The human brain is
still developing during childhood through processes of synap-
tic remodeling, activity dependent myelination and programmed
cell death, affecting both gray and white matter organization
(de Graaf-Peters and Hadders-Algra, 2006). Longitudinal struc-
tural imaging studies show a linear increase with age in white
matter that is most pronounced between early childhood and
adolescence, but undergoes progressive increase until peaking at
around age 45 (Sowell et al., 2003). Gray matter (GM) under-
goes substantial non-linear changes, with an increase up to age
10, thought to be due to glial cell proliferation, dendritic and
axonal branching and a decrease after age 10 due to synaptic
pruning and myelination (Sowell et al., 2003). Hence, trauma
or stress during this early life period has the potential to dis-
rupt these neurodevelopmental processes. It is thought that this is
partly modulated via three major neurobiological stress response
systems: the serotonin system, the sympathetic nervous system
(SNS)/catecholamine system and the hypothalamic-pituitary-
adrenal (HPA) axis (Watts-English et al., 2006). These systems
significantly influence stress reactions, arousal, emotional regu-
lation, brain development and cognitive development and can
contribute to long-term negative consequences (for a review see
McCrory et al., 2010; Twardosz and Lutzker, 2010).
This article will review the existing evidence for associations
between child maltreatment and cognitive and neuroimaging
abnormalities. It will outline current findings of neuropsychologi-
cal studies of the main cognitive deficits implicated in survivors of
childhood maltreatment, including IQ, memory, executive func-
tions (EFs), working memory, attention and emotion processing.
It will then discuss findings of structural and functional deficits
associated with childhood maltreatment as shown by modern
imaging techniques, including structural and functional magnetic
resonance imaging (fMRI), diffusion tensor imaging (DTI) and
positron emission tomography (PET). The review will critically
discuss the many limitations of previous studies and shape out
directions for future work.
COGNITIVE DEFICITS ASSOCIATED WITH CHILDHOOD
MALTREATMENT
ACADEMIC PERFORMANCE AND IQ
Impaired academic performance has been observed in children
who experienced neglect (Kendall-Tackett and Eckenrode, 1996)
or early institutionalization (Loman et al., 2009) and in adults
with a history of childhood sexual abuse (Navalta et al., 2006)
or mixed maltreatment histories (Majer et al., 2010). Only one
study, however, included subjects that were free of any current
and lifetime psychiatric diagnoses (Majer et al., 2010). The other
studies either did not screen for co-morbidities (Kendall-Tackett
and Eckenrode, 1996; Loman et al., 2009) or did not control for
comorbidities (Navalta et al., 2006).
Lower IQ inmaltreated children relative to healthy controls is a
consistent finding in the literature and has been reported in phys-
ically (Carrey et al., 1995; Prasad et al., 2005; Nolin and Ethier,
2007) and sexually abused children (Carrey et al., 1995); neglected
children (De Bellis et al., 2009) and post-institutionalized chil-
dren (Pollak et al., 2010). In many of these studies IQ was found
to be related to the severity of maltreatment (e.g., Carrey et al.,
1995; De Bellis et al., 2009). However, most of these studies did
not control for PTSD or other psychiatric diagnoses (Carrey et al.,
1995; Prasad et al., 2005; Nolin and Ethier, 2007; Pollak et al.,
2010). Two studies attempted to tease apart the effects of abuse
and PTSD on IQ with, however, conflicting results. One reported
that lower IQ was related to abuse, regardless of PTSD status (De
Bellis et al., 2009), whilst the other suggests that PTSD, and not
a history of trauma exposure in the absence of PTSD, is associ-
ated with lower verbal IQ (Saigh et al., 2006). The relationship
between IQ, maltreatment and PTSD is hence unclear. Studies of
adults who were maltreated as children do not generally report
IQ differences relative to controls (Bremner et al., 1995; Twamley
et al., 2004), suggesting that if IQ is associated with maltreatment
it may normalize with age.
MEMORY
Significant impairments in short and long-term memory func-
tions have been reported in children who have been subjected
to unspecified maltreatment (Beers and De Bellis, 2002), trau-
matic events including physical and sexual abuse, motor accidents
and being shot (Yasik et al., 2007), witnessing intimate partner
violence (Samuelson et al., 2010), and institutionalization (Bos
et al., 2009). This has also been reported in adults with child-
hood sexual abuse (Bremner et al., 2004; Navalta et al., 2006)
and mixed maltreatment including neglect, sexual, physical, and
emotional abuse (Bremner et al., 1995; Majer et al., 2010). One of
these studies tested non-comorbid patients (Majer et al., 2010).
Most of these studies, however, have mostly tested subjects with
maltreatment-related PTSD and other psychiatric comorbidities
including Major Depressive Disorder (MDD), dysthymic disor-
der, Oppositional Defiant Disorder (ODD), Dissociative Identity
Disorder (DID), Anxiety Disorders, ADHD, Alcohol/drug abuse,
(Bremner et al., 1995, 2004; Beers and De Bellis, 2002; Yasik
et al., 2007; Samuelson et al., 2010). Some studies have reported a
correlation between these memory impairments and the severity
or duration of abuse (Bremner et al., 1995; Navalta et al., 2006).
However, there have also been negative findings of no memory
impairment in adults (Pederson et al., 2004) or children subjected
to childhood maltreatment (Nolin and Ethier, 2007). Only three
studies have directly comparedmaltreated subjects with and with-
out PTSD (Bremner et al., 2004; Yasik et al., 2007; Samuelson et al.,
2010) and found that only maltreated subjects with PTSD had
verbal memory deficits, suggesting that verbal memory deficits
are specific to PTSD and not due to maltreatment per se.
WORKING MEMORY
Impairments of working memory have been reported in adults
with a history of emotional abuse and neglect (Majer et al., 2010)
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or physical abuse (Raine et al., 2001). Negative findings, how-
ever, have also been reported (Pederson et al., 2004; Twamley
et al., 2004). Working memory was found to be impaired in
children with mixed maltreatment histories, including sexual
and physical abuse and witnessing domestic violence (DePrince
et al., 2009) and post-institutionalized children (Bos et al., 2009;
Pollak et al., 2010). With the exception of Majer et al. (2010) the
above mentioned studies either did not report or reported but
did not control for co-morbidities (Raine et al., 2001; Twamley
et al., 2004; Navalta et al., 2006; Bos et al., 2009; DePrince et al.,
2009; Pollak et al., 2010) making it impossible to distinguish
whether the observed deficits were due to maltreatment or to
these co-morbidities.
ATTENTION
Auditory and visual attention deficits have been observed in chil-
dren who have been subjected to neglect and physical abuse
(Nolin and Ethier, 2007), sexual and physical abuse (DePrince
et al., 2009), unspecified maltreatment (Beers and De Bellis, 2002)
and institutionalization (Pollak et al., 2010). Again, these studies
did not report (Nolin and Ethier, 2007; Pollak et al., 2010) or con-
trol for co-morbidities in the maltreated groups (Beers and De
Bellis, 2002; DePrince et al., 2009).
INHIBITORY CONTROL
Deficits of inhibitory control have been consistently observed
in adults with a history of maltreatment (Navalta et al., 2006),
adolescents with early life stress (Mueller et al., 2010) and mal-
treated and post-institutionalized children (Mezzacappa et al.,
2001; DePrince et al., 2009; Pollak et al., 2010). These studies also
did not report or control for co-morbidities (Pollak et al., 2010)
or reported but did not control for co-morbidities (Mezzacappa
et al., 2001; Navalta et al., 2006; DePrince et al., 2009; Mueller
et al., 2010). An additional confound of Mezzacappa et al.
(2001) study is that many of the subjects were taking medica-
tion, including psychostimulants, antidepressants, mood stabiliz-
ers and alpha-2 adrenergic agonists, which may have influenced
the results. A small sampled study from our group found that
Romanian orphans with inattentive and overactive symptoms
who had suffered from severe early institutionalized neglect had
more inhibition and IQ deficits than standard ADHD clinical
cases and healthy controls with reasonable effects sizes (Sonuga-
Barke and Rubia, 2008).
EMOTION PROCESSING
Young maltreated children have been shown to exhibit difficul-
ties correctly identifying and discriminating facial expressions of
emotions (During andMcMahon, 1991; Pollak et al., 2000; Pollak
and Sinha, 2002; Pollak and Tolley-Schell, 2003; Wismer-Fries
and Pollak, 2004; Pears and Fisher, 2005; Pine et al., 2005; Vorria
et al., 2006). None of these studies, however, reported or screened
for co-morbidities. There have been no studies of emotion per-
ception in adults with a history of childhood maltreatment but
studies of older children have not shown these same impairments
in the ability to discriminate between emotional expressions (Pine
et al., 2005; Maheu et al., 2010). This suggests that emotion
discrimination difficulties in maltreated children may normalize
with age.
It is also likely that the type of maltreatment has an
effect on emotion discrimination ability. Neglected and post-
institutionalized children may be more likely to have difficulty
discriminating emotions (Pollak et al., 2000; Wismer-Fries and
Pollak, 2004; Vorria et al., 2006). Physically abused children,
however, may be more likely to identify and react to particu-
lar negative emotions, such as anger, fear, and pain as they are
more likely to witness anger and subsequent adversity and are
more likely to experience fear and pain (Pollak and Sinha, 2002;
Pollak and Tolley-Schell, 2003; Pine et al., 2005). This is sup-
ported by the study of Pollak et al. (2000) who reported that
neglected children had more difficulty discriminating between
emotional expressions, whereas physically abused children dis-
played a response bias for angry facial expressions, perceiving
more distinction between anger and other negative emotional
expressions.
Other studies have shown that physically abused children
respond quicker to angry faces and accurately identified facial
displays of anger on the basis of less sensory input than did con-
trols (Pollak and Sinha, 2002; Pollak and Tolley-Schell, 2003).
Pine et al. (2005) reported a correlation between threat bias and
severity of physical maltreatment, suggesting that more severely
physically abused children tended to direct attention away from
angry/threatening faces. One study has also suggested that post-
institutionalized children may respond differently to anger than
to other emotions, reporting that these children had difficulty
both in identifying and matching all emotions except for anger
but performed as well as controls when identifying angry facial
expressions (Wismer-Fries and Pollak, 2004). Children exposed to
severe early life stress also experience emotion regulation difficul-
ties, which are thought to confer risks for later psychopathology
(Lyons-Ruth, 2008; Tottenham et al., 2010).
SUMMARY
There is consistent evidence of decreased IQ in abused children
but not in adults with a history of abuse. However, the major-
ity of studies have not controlled for PTSD or other co-morbid
conditions and those that have controlled for these produced
inconsistent results. Future large sampled studies are needed to
disentangle the effects of maltreatment and co-morbid conditions
such as PTSD on IQ.
There is evidence for verbal and visual memory deficits inmal-
treated children and adults and evidence suggests that, while ver-
bal memory impairments may be associated with PTSD, pattern
recognition memory may possibly be associated with maltreat-
ment itself. Memory deficits are likely to be due to disruption
to the normal development of the underlying neural circuitries
including hippocampus, amygdala, dorsolateral prefrontal cortex
(DLPFC) and striatum (McGaugh, 2000).
Deficits of working memory, attention and motor inhibi-
tion have consistently been observed in maltreated children and
adults. These functions are known to develop late in adolescence
and to improve between childhood and adulthood (Williams
et al., 1999) due to progressively increasing activation in late
developing underlying lateral fronto-striatal and fronto-parietal
circuitries (Rubia et al., 2006, 2007, 2010; Christakou et al., 2009;
Geier and Luna, 2009). It is possible that the development of
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these circuits may be affected by early stress experiences even in
high-functioning abuse survivors.
Younger maltreated children have consistently been shown
to exhibit emotion discrimination deficits, but older children
with a history of maltreatment do not present with the same
deficits suggesting normalization with age. Neglected children
tend to have difficulties in discriminating between emotions,
whereas physically abused children exhibit a response bias
toward negatively valenced emotions, especially anger. However,
none of the studies of emotion processing controlled for co-
morbid conditions and it is not clear whether abnormal emo-
tion processing is due to abuse or to co-morbid conditions.
Emotion discrimination and regulation deficits are likely to
be related to disruption to the development of fronto-limbic
neural circuits involved in emotion, including the amygdala,
ventromedial, and orbital prefrontal cortex, anterior cingu-
late cortex (ACC), ventral striatum, insula, and cerebellum
(Ochsner and Gross, 2005).
STRUCTURAL BRAIN CHANGES ASSOCIATED WITH
CHILDHOOD MALTREATMENT
GLOBAL VOLUME OR GM ABNORMALITIES
Abuse or maltreatment in early life has been shown to correlate
with structural brain differences. Compared to controls, chil-
dren with maltreatment-related PTSD have been shown to have
smaller cerebral volumes and total lateral ventricles and larger
cortical and prefrontal cortical cerebrospinal fluid (CSF) volumes
(De Bellis et al., 1999, 2002a). Both of these studies had good sam-
ple sizes, but a large proportion of PTSD subjects (86–89%) had
co-morbid psychiatric conditions (see Table 1 for details) which
could have confounded the findings. Nevertheless, both studies
found that brain volume correlated positively with age of onset of
trauma and negatively with duration of abuse, suggesting a direct
link between abuse and brain structure.
PREFRONTAL CORTEX
The prefrontal cortex (PFC) has a major role in all functions
that characterize mature adult behavior, including higher level
motor control, inhibitory control, attention, working memory,
personality expression, emotion and motivation regulation, and
moderating learned social behavior (Miller and Cohen, 2001;
Ochsner and Gross, 2005; Leh et al., 2010). The PFC matures
relatively late in life, with progressive gray and white matter
changes well into the 1940s and 1950s (Sowell et al., 2003). Due
to its protracted development, the PFC is the brain region that
is most susceptible to damage in childhood and adolescents and
is hence considered an important target for abnormal develop-
ment in children and adults who have been exposed to severe
environmental stressors such as maltreatment.
There are mixed findings from region-of-interest (ROI) stud-
ies comparing PFC volume of children with maltreatment-related
PTSD and co-morbid psychiatric conditions and non-maltreated
children. Some reported smaller PFC volume or GM or increased
prefrontal CSF volumes in maltreated subjects, which may indi-
cate abnormalmaturation of the prefrontal cortex (De Bellis et al.,
1999, 2002a; De Bellis and Keshavan, 2003). Some reported disso-
ciated frontal findings with GM increases in middle-inferior and
ventral regions of the PFC, but reductions in dorsal PFC (Richert
et al., 2006; Carrion et al., 2009).
All the above studies have tested for PFC deficits in chil-
dren with mixed maltreatment histories and PTSD (see Table 1).
Hanson et al. (2010), however, using tensor based morphom-
etry (TBM), reported smaller volumes of DLPFC, medial PFC
(mPFC) and orbitofrontal cortex (OFC) in physically abused chil-
dren without PTSD and with only a small proportion of other
psychiatric conditions (see Table 1), with the largest differences
in the right OFC (see Figure 1 for location of DLPFC and OFC).
Studies of adults who were maltreated as children also demon-
strate decreases in PFC GM. Reductions in GM volume of the
frontal cortex as a whole and left DLPFC and right mPFC have
been reported in a ROI MRI study of women with childhood sex-
ual abuse (Andersen et al., 2008) and a voxel-basedmorphometry
(VBM) study of young adults exposed to harsh corporal punish-
ment in childhood (Tomoda et al., 2009). Andersen et al. (2008)
reported that frontal cortex GM volume was maximally affected
by sexual abuse at ages 14–16 years. Many of the maltreated sub-
jects in Andersen et al. study had a current and/or past psychiatric
diagnoses, whereas only one subject in Tomoda and colleagues’
study met criteria for a lifetime history of ADHD, but no other
psychiatric diagnoses were reported (Table 1).
HIPPOCAMPUS
The hippocampus is part of the limbic system and plays an
important role in learning and memory (see Figure 1 for loca-
tion of hippocampus; Andersen et al., 2007). The relatively few
studies examining children with maltreatment-related PTSD or
post-institutionalized adolescents have found little evidence of
hippocampal volume deficits compared with healthy controls (De
Bellis et al., 1999, 2001, 2002a; Carrion et al., 2001; Mehta et al.,
2009) with the exception of one relatively small sampled study
(Carrion et al., 2007) who found evidence of hippocampal vol-
ume reduction developing in a childhood PTSD sample at 12–18
months after the baseline assessment. This finding combined
with the prior mentioned negative findings suggests that the hip-
pocampus may be volumetrically normal at the time of initial
abuse but become smaller with time compared with healthy con-
trols, which could be related to abnormal cortisol levels which
would predict this hippocampal volume reduction over time
(Carrion et al., 2007).
Conversely, one study reported increased bilateral hippocam-
pal volume in a large sample of children with maltreatment-
related PTSD, approximately 87% of whom had co-morbid psy-
chiatric disorders (see Table 1), compared with healthy controls
(Tupler and De Bellis, 2006). The authors suggest that this unex-
pected increase in hippocampal volume may be due to the possi-
bility that, soon after trauma, the hippocampus sustains a sudden
growth spurt in children or suffers a “scar” from a loss of neu-
ropil secondary to elevated cortisol levels in childhood PTSD,
and then might shrink in early adulthood when the hippocampus
completes its maturation process.
In adults, decreased hippocampal volume has been observed in
adult survivors of physical and sexual abuse with PTSD (Bremner
et al., 1997); female survivors of sexual abuse 62.5% or 30% of
whom had PTSD (Stein et al., 1997); female survivors of neglect,
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FIGURE 1 | Anatomical brain regions implicated in maltreated subjects
based on structural and functional imaging studies, overlaid on a high
resolution structural MRI image. Regions highlighted in pink correspond
to fronto-limbic areas involved in emotion and motivation processing and
regions highlighted in blue to fronto-striatal brain regions involved in
executive functions, working memory, inhibition and attention. Panel
(A) shows an axial view containing the basal ganglia and panels (B,C) are
sagittal views highlighting the hippocampus, amygdala and DLPFC and
ACC, OFC, and cerebellum, respectively.
physical, sexual, and emotional abuse with Borderline Personality
Disorder (BPD), 57% of whom had co-morbid PTSD (Driessen
et al., 2000) and female survivors of physical and/or sexual abuse
with MDD, 71% of whom also had PTSD (Vythilingam et al.,
2002). There is evidence that hippocampal volume is particularly
sensitive to sexual abuse between the ages of 3–5 years and 11–13
years (Andersen et al., 2008).
However, several studies, including a meta-analysis of
hippocampal volumes in adults with trauma-related PTSD
(Kitayama et al., 2005) found that smaller hippocampal vol-
umes in maltreated subjects were related to PTSD rather than
maltreatment itself (Bremner et al., 2003; Weniger et al., 2008),
or at least that a small reduction in volume caused by child-
hood abuse is greatly amplified in those subjects who go on to
develop PTSD.
However, in support of a direct link between child abuse
and reduced hippocampal volume, some studies report a sig-
nificant correlation between hippocampal volume and onset or
duration of abuse (Driessen et al., 2000; Tupler and De Bellis,
2006). Others, however, found no correlations (Stein et al., 1997;
Vythilingam et al., 2002) or report a correlation between hip-
pocampal volume and PTSD (Bremner et al., 2003).
In addition to co-morbid psychiatric conditions, another con-
founding factor in these studies is that some subjects were on
psychoactive medication at the time of testing (Stein et al., 1997;
Driessen et al., 2000;Weniger et al., 2008)—see Table 1 for details.
Also, all of the above studies of hippocampal volume in abused
subjects used a ROI approach, measuring only the hippocampus
(Stein et al., 1997; Bremner et al., 2003; Tupler andDe Bellis, 2006;
Carrion et al., 2007) or one more additional area, including the
amygdala, temporal lobe, and basal ganglia (Bremner et al., 1997;
De Bellis et al., 1999, 2001, 2002a; Driessen et al., 2000; Carrion
et al., 2001; Vythilingam et al., 2002; Weniger et al., 2008).
AMYGDALA
The amygdala (see Figure 1) plays a key role in emotional pro-
cessing, assessment of threatening information, behavioral reg-
ulation, fear conditioning, and memory for emotional events
(Davis andWhalen, 2001; Shin et al., 2006; Dolan, 2007). As these
processes are of extreme importance in threatening situations it
may be expected that differences in amygdala structure would be
associated with exposure to childhood maltreatment.
There is conflicting evidence for structural abnormalities of
the amygdala in maltreated children. Some studies showed no
volume differences between children with maltreatment-related
PTSD and controls (e.g., De Bellis et al., 1999, 2001), whilst oth-
ers have found effects of maltreatment and PTSD. Thus, Carrion
et al. (2001) found a 5.1% reduction in the volume of the amyg-
dala in children with maltreatment-related PTSD compared with
controls, although this did not survive total GM correction. In
contrast Mehta et al. (2009) reported an increase in amygdala
volume in a small sample of post-institutionalized adolescents
with severe early deprivation compared to their peers which was
correlated with the time spent in institutions. A meta-analysis
of children with maltreatment-related PTSD, however, did not
find significant differences in amygdala volume between mal-
treated and non-maltreated children (Woon and Hedges, 2008).
Furthermore, none of these studies controlled for co-morbid
conditions (Table 1).
The results of studies which have measured amygdala vol-
ume in adults with a history of childhood maltreatment are
also inconsistent. One study found reduced amygdala volumes
in women with a history of maltreatment, PTSD and psychi-
atric co-morbidities, but not in healthy controls or maltreated
women with dissociative amnesia (DA) or DID and similar co-
morbidities, suggesting that the decrease is likely to be related to
PTSD (Weniger et al., 2008). A confound, however, was uncon-
trolled medication. Another study reported minor volumetric
reductions of the amygdala in maltreated BPD patients with and
without PTSDwhen compared to healthy controls, suggesting this
reduction is due to BPD ormaltreatment, but not PTSD (Driessen
et al., 2000). However, two other studies reported no differences
in amygdala volumes in women with a history of childhood sex-
ual abuse with comorbidities (Andersen et al., 2008) and in male
and female survivors of childhood physical and sexual abuse with
PTSD and co-morbidities (Bremner et al., 1997). Findings on
amygdale deficits in relation to maltreatment are hence inconclu-
sive. A further limitation of the above studies is the use of a ROI
analysis (see Table 1).
CORPUS CALLOSUM
The corpus callosum (CC) is the largest white matter structure
in the brain. It connects the left and right cerebral hemispheres
and facilitates interhemispheric communication for emotion, and
higher cognitive abilities, among other processes (Kitterle, 1995;
Giedd et al., 1996).
Decreases in CC volume and white matter integrity (partic-
ularly middle and posterior regions) have been reported in ROI
approach MRI and DTI studies of maltreated children and ado-
lescents, where all (De Bellis et al., 1999, 2002a; De Bellis and
Keshavan, 2003; Jackowski et al., 2008) or 50% (Teicher et al.,
2004) had PTSD and some had other psychiatric diagnoses (see
Table 1), but there have also been negative findings in a study of
post-institutionalized adolescents (Mehta et al., 2009).
Two ROI MRI studies of adult females with histories of child-
hood maltreatment have also reported smaller volume of the CC
as compared to healthy controls; one in which all subjects had
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PTSD and some had histories of, but not generally current psy-
chiatric diagnoses (see Table 1, Kitayama et al., 2007) and one in
which approximately one third of subjects had PTSD and some
had other co-morbid psychiatric conditions (Andersen et al.,
2008). Furthermore the CC was maximally affected if the child-
hood abuse occurred between ages 9 and 10 (Andersen et al.,
2008).
In conclusion, there is evidence for CC impairment in associ-
ation with childhood maltreatment, but more research is needed
to attempt to disentangle the effects of maltreatment, PTSD and
other psychiatric disorders on CC volume.
THE ANTERIOR CINGULATE CORTEX
The Anterior Cingulate Cortex (ACC, see Figure 1) lies at the
interface between the limbic system and the neocortex. No ROI
MRI studies have tested for ACC deficits in children with mal-
treatment histories and no reduction was observed in a whole
brain imaging study of maltreated children (Hanson et al., 2010).
Reductions in ACC volume have, however, been observed in
ROI MRI studies of adults with childhood maltreatment-related
PTSD and co-morbid disorders (Kitayama et al., 2006); in adults
with a history of adverse childhood events, including divorce,
family conflict, separation, domestic violence, bullying, neglect,
emotional, physical, and sexual abuse, without PTSD or other
psychiatric disorders (Cohen et al., 2006); and in adult MDD
patients with a history of mixed childhood maltreatment, 70%
of whom had current co-morbid non-specified anxiety disorders
(Treadway et al., 2009). One whole brain study in adults with a
history of harsh corporal punishment reported a decrease in right
ACC volume (Tomoda et al., 2009), whereas another adult whole
brain study reported no change in ACC (Treadway et al., 2009).
Two studies reported a correlation between childhood trauma and
ACC volume (Table 1, Cohen et al., 2006; Treadway et al., 2009).
CEREBELLUM
Decreased cerebellar volumes in children and adolescents with
a history of maltreatment and PTSD and co-morbid conditions
(see Table 1) has been a consistent finding in the literature (De
Bellis and Kuchibhatla, 2006; Carrion et al., 2009) with cere-
bellar volumes furthermore correlating positively with age of
onset and negatively with the duration of trauma (De Bellis and
Kuchibhatla, 2006). Hanson et al. (2010), however, reported that
relative to controls left cerebellar white matter was larger in a
relatively large sample of physically abused children, very few of
whom had PTSD or any other psychiatric diagnoses. The cere-
bellum forms extensive connections with the frontal lobes and
is part of fronto-cerebellar neural network that fine-modulate
behavior (Arnsten and Rubia, 2012). See Figure 1 for location of
cerebellum.
PARIETO-TEMPORAL REGIONS
A TBM study found smaller volumes in physically abused chil-
dren, the majority of whom had no psychiatric diagnoses, in
the right temporal and bilateral parietal lobes (Hanson et al.,
2010). Furthermore, both temporal and parietal volume reduc-
tions showed a negative correlation with the academic section of
the Life Stress Interview (Hanson et al., 2010)
However, other studies found larger superior temporal gyrus
(STG) volumes using a ROI approach in maltreated children
and adolescents with PTSD and co-morbidities including MDD,
ODD, ADHD (De Bellis et al., 2002b) and a VBM study of
young adults with histories of parental verbal abuse, some of
whom had a history of non-specified mood and anxiety disorders
(Table 1, Tomoda et al., 2010). STG GM volumes furthermore
were strongly correlated with levels of parental verbal aggression
and inversely associated with parental education (Tomoda et al.,
2010).
WHITE MATTER TRACTS
Only two studies have tested for structural connectivity deficits in
subjects with a history of childhood maltreatment. Eluvathingal
et al. (2006), using DTI and fiber tractography, found decreased
white matter tract density in the left uncinate fasciculus in
post-institutionalized children who experienced socioemotional
deprivation, 71% of whom had at least one subscale (subscales
included conduct problems, atypicality, attention problems, and
depression) in the clinically significant range, compared to con-
trols. The uncinate fasciculus connects OFC to the anterior tem-
poral lobe, including the amygdala. Another DTI study examined
the effects of severe parental verbal abuse (PVA, e.g., ridicule,
humiliation, and disdain) on brain connectivity in young adults
(Choi et al., 2009). 44% of the PVA subjects had a history
of depression, 19% had current anxiety disorders and 6% had
ADHDand a history of phobias (see Table 1). They reported three
white matter tracts to show reduced density: the arcuate fasciculus
in left STG; the cingulum bundle by the posterior tail of the left
hippocampus and the left body of the fornix. The arcuate fascicu-
lus connects Wernicke’s area in the temporoparietal junction with
Broca’s area in the inferior frontal gyrus and provides a pathway
for the prefrontal cortex to receive and modulate auditory infor-
mation (Makris et al., 2005). The cingulum bundle connects the
limbic lobe with the neocortex, particularly the cingulate gyrus
and reduction in density of the cingulum bundle has previously
been observed in PTSD patients (Kim et al., 2006), indicating that
it is susceptible to stress. The left fornix connects together the sep-
tohippocampal system, providing a pathway for serotonin from
the midbrain raphe to the hippocampus, and plays a major role in
the mediation of anxiety (Degroot and Treit, 2004). The authors
hypothesized that abnormalities of these three tracts may underlie
some of the language and emotional regulation difficulties seen
in victims of childhood maltreatment. The emerging evidence
from these two DTI studies show that the structural abnormal-
ities in people with a history of child abuse affect interconnected
white matter structures and hence the communication between
regions in addition to isolated brain areas. Future DTI studies are
needed to elucidate the effect of early maltreatment on structural
interconnectivity.
SUMMARY
The brain regions most consistently affected by childhood mal-
treatment are the PFC, ACC, but also hippocampus, amygdala,
corpus callosum, and cerebellum, suggesting that fronto-limbic
circuitries may be most affected. This finding is restricted to a
priori hypothesised areas, though, by the fact that the majority
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of structural studies in the abuse literature have used ROI
approaches that only examined the effect of child abuse on areas
of fronto-limbic systems (see Table 1, Bremner et al., 1997, 2003;
Stein et al., 1997; De Bellis et al., 1999, 2001, 2002a,b; Driessen
et al., 2000; Carrion et al., 2001, 2007; Vythilingam et al., 2002;
De Bellis and Keshavan, 2003; Teicher et al., 2004; Cohen et al.,
2006; Richert et al., 2006; Tupler and De Bellis, 2006; Kitayama
et al., 2006, 2007; Andersen et al., 2008; Jackowski et al., 2008;
Weniger et al., 2008; Mehta et al., 2009
ies have investigated the effect of abuse on the fronto-striatal
system. Most found no effect on the basal ganglia (Bremner
et al., 1997; De Bellis et al., 1999, 2002a), but one study reported
smaller caudate nuclei in adults with a history of traumatic
adverse childhood events (Cohen et al., 2006). Only a few studies
used whole-brain VBM techniques, none of which reported any
basal ganglia changes in maltreated subjects (Carrion et al., 2009;
Tomoda et al., 2009, 2010; Treadway et al., 2009; Hanson et al.,
2010). Examining previously defined ROIs restricts the search
toward a priori hypothesized regions thus providing a biased and
inappropriately constrained characterization of anatomy (Friston
et al., 2006).
Studies using whole brain analyses have found decreases in
GM volume of similar areas, particularly in prefrontal cortex, to
those identified by ROI analyses in maltreated subjects, includ-
ing OFC, DLPFC, mPFC, ACC, but also other areas that have
not been studied using ROIs, including the thalamus, parietal,
temporal and superior frontal lobes (Tomoda et al., 2009, 2010;
Hanson et al., 2010).Whole brain VBM studies have also reported
some areas previously implicated by ROI studies to have increased
GM in abused subjects including the cerebellum, cingulate cortex,
PFC, and STG and, again, some areas that have not been studied
using ROI such as the occipital lobe and parahippocampal gyrus
(Tomoda et al., 2009, 2010; Hanson et al., 2010). Interestingly,
none have reported hippocampal or amygdala differences, which
have been the most commonly studied ROIs in subjects with a
history of childhood abuse.
A major problem in interpreting the results of structural
MRI studies in subjects with a history of childhood maltreat-
ment is that most studies have imaged subjects with associ-
ated psychiatric conditions, most prominently PTSD but also
MDD, ADHD, ODD, BPD, OCD, Generalized anxiety disor-
der (GAD), phobias, eating disorders, and substance abuse (see
Table 1 for details), making it impossible to determine whether
the volumetric changes observed are due to the abuse, the psy-
chiatric conditions or an interaction between the two. The vast
majority of studies have tested groups of subjects, in which
100% had PTSD and a large percentage also had other co-
morbid conditions (Bremner et al., 1997; De Bellis et al., 1999,
2001, 2002a,b; De Bellis and Keshavan, 2003; Carrion et al.,
2001, 2007, 2009; De Bellis and Kuchibhatla, 2006; Kitayama
et al., 2006; Richert et al., 2006; Tupler and De Bellis, 2006;
Jackowski et al., 2008), whilst in other studies a smaller per-
centage of participants had PTSD but many participants still
had other psychiatric disorders such as MDD, DID, OCD, and
BPD (Stein et al., 1997; Driessen et al., 2000; Vythilingam et al.,
2002; Bremner et al., 2003; Teicher et al., 2004; Andersen et al.,
2008; Weniger et al., 2008). A few studies imaged subjects
with unspecified anxiety disorders, which is extremely likely to
include PTSD, and co-morbidities such as MDD and unspec-
ified mood disorders (Treadway et al., 2009; Tomoda et al.,
2010) and one study did not screen for PTSD or other con-
ditions (Mehta et al., 2009). Another limitation of a few of
these studies is that subjects were taking psychoactive medica-
tions, such as antidepressants, i.e., selective serotonin reuptake
inhibitors (SSRIs), antipsychotics, benzodiazepine, or psychos-
timulants, all of which are known to affect brain structure and
function (Caliguri et al., 2003; Scherck and Falkai, 2006; Rubia
et al., 2009, 2011a,b; Murphy, 2010; Nakao et al., 2011) and,
therefore, make it difficult to determine clearly the brain alter-
ations associated with abuse (Stein et al., 1997; Driessen et al.,
2000; Weniger et al., 2008). In structural MRI in general when
comparing two groups of subjects a sample size of ≥20 in
each group is desirable for reliability (Brambilla et al., 2003).
Some of these studies did not satisfy these criteria (Table 1,
Bremner et al., 1997; De Bellis et al., 2001; Kitayama et al.,
2006; Carrion et al., 2007; Jackowski et al., 2008; Mehta et al.,
2009; Treadway et al., 2009) and so findings of these studies
must be considered as weaker statistically than those with larger
sample sizes.
PTSD is usually the main outcome of abuse with incidence
rates of PTSD resulting from child abuse ranging from 36.3%
to 63% (Famularo et al., 1993; McLeer et al., 1998; De Bellis
et al., 2001a). It is, therefore, extremely difficult to separate PTSD
and child abuse and it may not be the best approach as conse-
quences may be too linked to be separable. It is possible that it
is a continuum and that maltreatment causes brain changes that,
if the changes are marked enough, can lead to the development
of PTSD and other psychiatric conditions, as suggested by studies
that report changes in brain structure in survivors of childhood
maltreatment without PTSD and more marked changes in abuse
survivors with PTSD (e.g., Bremner et al., 2003). However, one
study has imaged subjects without PTSD and without co-morbid
psychiatric conditions (Cohen et al., 2006) and two have studied
subjects without PTSD but included a very small percentage of
subjects with psychiatric conditions (Tomoda et al., 2009; Hanson
et al., 2010). When including only these three studies, which
all have sample sizes in excess of 20, that have controlled for
PTSD and co-morbidities and in which the subjects were also
medication-free, two of which were whole brain VBM studies
(Tomoda et al., 2009; Hanson et al., 2010) and the other stud-
ied ROIs including ACC, hippocampus, amygdala, and caudate
(Cohen et al., 2006), brain areas identified as having volumet-
ric deficits in maltreated subjects include mPFC, DLPFC, OFC,
ACC, caudate, thalamus, parietal lobe and superior frontal lobe.
Volume increases were also reported in the cerebellum, cingulate
and PFC. Again, none of these studies reported hippocampus or
amygdala deficits.
Several studies have found direct correlations between brain
abnormalities and age of onset or duration of abuse, includ-
ing cerebral cortex volume (see Table 1, De Bellis et al., 1999,
2002a), hippocampus (Driessen et al., 2000; Tupler and De Bellis,
2006), amygdala (Mehta et al., 2009), ACC (Cohen et al., 2006;
Treadway et al., 2009) and caudate (Cohen et al., 2006), although
there have also been findings of no correlation between abuse
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and hippocampus volumes (Stein et al., 1997; Vythilingam et al.,
2002).
Taking into account studies with relatively large sample sizes
that have controlled for psychiatric conditions and medication
and all studies that have reported correlations of their findings
with childhood maltreatment, the main brain regions consis-
tently reported to be affected in maltreated subjects are the
DLPFC, mPFC OFC, ACC, hippocampus, amygdala, and cere-
bellum (Figure 1). DLPFC is involved in aspects of higher level
cognitive processing, such as working memory, planning, tem-
poral foresight, interference inhibition, and attention control
while the mPFC is central to aspects of social cognition such
as self-knowledge and person perception (Amodio and Frith,
2006) and is part of the paralimbic system that regulates moti-
vation and affect, forming interconnections in particular with
the amygdala (Compton, 2003). The deficits in DLPFC asso-
ciated with childhood maltreatment may thus be underlying
the observed deficits in motor inhibition, working memory and
attention, whilst deficits of the mPFC may manifest as prob-
lems with emotion regulation. The OFC and ACC are impor-
tant for reward processing, and emotion and motivation control
(Ochsner and Gross, 2005; Schoenbaum et al., 2006). Structural
deficits in regions of the ACC and ventromedial OFC, together
with deficits in interconnected limbic areas such as hippocam-
pus and amygdala, therefore, may be associated with problems
in emotion and motivation control and with deficits in emo-
tion processing. Alterations to the hippocampus and amygdala
associated with childhood maltreatment are likely to be neural
correlates of the impairments in memory and emotion pro-
cessing discussed previously. There is growing evidence that
the cerebellum plays a crucial role in executive functioning,
most prominently in attention and timing functions, (Rubia and
Smith, 2004; Schmahmann et al., 2007; Arnsten and Rubia, 2012)
and in emotion processing and fear conditioning (Schutter and
van Honk, 2005). Alterations in the cerebellum due to child-
hood maltreatment, therefore, may be involved in the deficits
of emotion discrimination and executive functioning described
previously.
DTI has shown decreased white matter density of four white
matter tracts that form pathways between structures that have
been implicated in structural MRI studies in abused subjects, sug-
gesting that structural abnormalities affect the communication
between regions as well as isolated brain areas (Eluvathingal et al.,
2006; Choi et al., 2009). The uncinate fasciculus and cingulum
bundle connect the anterior temporal lobe (including the amyg-
dala) to the OFC and cingulate and play a role in emotion control;
the arcuate fasciculus connects frontal and temporal lobe lan-
guage areas and the fornix is involved in anxiety as it connects
the midbrain with the hippocampus.
FUNCTIONAL BRAIN DIFFERENCES ASSOCIATEDWITH
CHILDHOOD MALTREATMENT
In contrast to the number of studies examining structural brain
differences, only a few have investigated possible functional corre-
lates associated with maltreatment using imaging techniques such
as fMRI or PET and a very small proportion of these have been
conducted in children (see Table 2 for details).
RESTING STATE
Chugani and colleagues used PET to investigate the awake rest-
ing state brain activation in pre-adolescent children adopted
from Romanian orphanages, where the children had experi-
enced adverse early rearing environments (Chugani et al., 2001).
The adopted children relative to controls showed decreased
metabolism in a network of areas implicated in stress regula-
tion, including the OFC, ventromedial PFC, amygdala, head of
hippocampus, lateral temporal cortex and the brain stem.
WORKING MEMORY
One fMRI study tested for neural correlates of working mem-
ory in four subgroups of adult males with relatively small sample
sizes: a group with a history of childhood physical abuse, a
group of violent offenders, a group of physically abused violent
offenders and a control group (Raine et al., 2001, see Table 2
for study characteristics). Activation was measured in three slices
that allowed assessment of partial areas of frontal, temporal and
occipital lobes but psychiatric conditions were not reported or
controlled for. Abused subjects, irrespective of their violence
status, showed reduced activation during the working memory
task, in PFC including DLPFC, anterior PFC, and inferior pre-
frontal gyrus (BA 10/44/45/46/47), lateral temporal (BA 21/22)
and occipital cortex (BA 18/19). Abused non-violent subjects had
decreased activation of the left STG, increased activation of right
STG and a strong deficit in task performance. This performance
deficit supports the neuropsychological studies discussed earlier
which report working memory deficits in abused subjects.
INHIBITORY CONTROL
Two fMRI studies investigated response inhibition in maltreated
adolescents using whole brain analyses. One was in adolescents
with mixed maltreatment histories whilst they carried out a
Go/No-Go task (Carrion et al., 2008); the other in adolescents
with early life stress who were adopted because of early caregiver
deprivation whilst carrying out a stop task (Mueller et al., 2010).
In Carrion et al. study 25% of themaltreated group had PTSD and
the remaining 75% demonstrated significant PTSD symptoms
but were subthreshold for diagnosis and some had co-morbid
psychiatric diagnoses (see Table 2 for details); whereas in Mueller
et al. study none of the subjects had PTSD and only a very few had
other psychiatric conditions (Table 2). In both studies, increased
activation was observed in maltreated subjects in ACC (BA 24/32)
and both report activation differences in PFC for maltreated
subjects. Carrion et al. (2007); reported decreased activation of
DLPFC (BA 9/46) and increased activation in mPFC (BA 8/9),
whereas Mueller and colleagues reported increased activation of
inferior PFC (BA 44/45/46) as well as in pre- and post-central
gyri, the striatum, and the posterior insula. Both studies had rela-
tively good sample sizes, butMueller et al. (2010) study was better
controlled with respect to psychiatric conditions.
EMOTION PROCESSING
An fMRI study of emotion processing in neglected 8–18 year
olds with no PTSD and a low proportion of psychiatric comor-
bidities used a ROI approach to measure activation in the hip-
pocampus and amygdala whilst subjects viewed emotional faces
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(Maheu et al., 2010, Table 2). Reaction times were faster for
neglected youths than controls when rating angry faces and rela-
tive to controls, neglected youths showed significantly greater left
amygdala and left anterior hippocampus activation when viewing
angry or fearful faces. These findings support the previous neu-
ropsychological findings of a different response to angry faces in
maltreated children discussed earlier (e.g., Pollak et al., 2000; Pine
et al., 2005) and are also inline with the event-related potential
(ERP) literature. ERP studies have shown that, when compared
to non-maltreated controls, those with a history of physical abuse
or neglect generated altered ERP response amplitudes when pre-
sented with angry or fearful faces, or voices, compared to happy
or neutral targets (Pollak et al., 2001; Cicchetti and Curtis, 2005;
Parker and Nelson, 2005; Shackman et al., 2007).
TRAUMATIC SCRIPTS
A number of PET studies of adults have compared women
survivors of childhood sexual abuse with and without PTSD
(Bremner et al., 1999, 2003a, 2004a, 2005; Shin et al., 1999) or
BPD (Schmahl et al., 2004). Unfortunately, the absence of a con-
trol group of non-abused women without PTSD/BPD in four
of these studies (Bremner et al., 1999, 2004a; Shin et al., 1999;
Schmahl et al., 2004) presents a crucial confound. Furthermore,
in all of these studies subjects in the abused groups with and
without PTSD or BPD had co-morbid conditions (see Table 2)
and in Schmahl et al. study of BPD patients 50% were taking
medications that affect brain function, including SSRIs, typical
and atypical antipsychotics and selective noradrenaline reuptake
inhibitors (SNRIs) thus making it even more difficult to deter-
mine effects specifically related to abuse. Three of the above
studies used traumatic script-driven imagery (Bremner et al.,
1999; Shin et al., 1999; Schmahl et al., 2004) and another used
the emotional Stroop paradigm to investigate the influence of
emotion on attention (Bremner et al., 2004a). These studies
have reported group differences in blood flow in PTSD subjects,
compared to subjects with abuse but without PTSD, in regions
including DLPFC, mPFC, OFC, ACC, posterior cingulate, hip-
pocampus, insula, visual association cortex, cuneus, and inferior
parietal lobule, whilst Schmahl et al. (2004) reported altered acti-
vation of DLPFC, mPFC, and ACC in abused women with BPD,
compared to abused women without BPD.
Two studies have used PET to compare women with a history
of childhood sexual abuse, PTSD and similar co-morbid condi-
tions to the above studies with a control group of women with no
history of abuse, PTSD or other psychiatric disorder and reported
group differences in the blood flow of areas previously impli-
cated in childhood maltreatment (Bremner et al., 2003a, 2005).
Bremner et al. (2003a) used PET during the retrieval of neu-
tral and emotionally valenced word pairs and reported alterations
in mPFC, OFC, MFG, ACC, posterior cingulate, inferior tempo-
ral lobe, and hippocampus. Using a fear-conditioning paradigm
increased amygdala activation was reported during fear acquisi-
tion and reduced ACC activation during extinction in the abused
group with PTSD (Bremner et al., 2005). However, PTSD or
comorbid psychiatric conditions were not controlled for.
Two fMRI studies compared the brain activation of trauma-
tized adults with PTSD as a result of childhood sexual abuse
or a motor vehicle accident with traumatized adults with PTSD
symptoms but who did not meet the full DSM-IV criteria for
PTSD, when listening to traumatic scripts (Lanius et al., 2001,
2003). They reported decreased activation in the thalamus, ACC
and MFG for subjects with full PTSD criteria, when compared to
those with PTSD symptoms but not full PTSD. These effects are,
therefore, likely to be due to PTSD.
REWARD PROCESSING
Dillon and colleagues used ROI fMRI to investigate the effect of
reward processing on the activation of the basal ganglia in adults
with a history of mixed childhood maltreatment and psychiatric
disorders (Table 2, Dillon et al., 2009), some of whom (14%)
were taking psychotropic medications (citalopram, an SSRI, and
hydrocodone, an opiate analgesic), in the weeks prior to scanning
which is likely to have had an effect on the brain function of these
individuals (Murphy, 2010). Using a monetary incentive delay
task they found that these adults, relative to non-abused con-
trols, rated reward-predicting cues as less positive, and displayed
a weaker response to reward cues in the left globus pallidus.
SENSORY PROCESSING
Processing of olfactory stimuli was investigated in women with
a history of childhood physical and/or sexual abuse and non-
maltreated controls using whole brain fMRI (Croy et al., 2010).
The groups did not differ significantly according to the diagno-
sis of mental disorders (see Table 2 for details), so the authors
could be relatively confident that any difference in activation
between the groups was due to their maltreatment history. Both
groups showed normal activation in olfactory projection areas.
However, the abused group had enhanced activation in PFC (BA
44/45/47), posterior parietal lobe, occipital lobe, and the posterior
cingulate cortex, and decreased activation in OFC, hippocampus,
ACC, and cerebellum, indicating that childhood maltreatment
may be associated with an altered processing of olfactory stim-
uli. Another whole brain fMRI study investigated the neural
substrates of empathy-induced pain in a small sample of multiso-
matoform pain patients with and without a history of childhood
sexual abuse, none of whom had PTSD or other psychiatric co-
morbidities (Noll-Hussong et al., 2010). Abused patients showed
increased activation in PFC (BA 44/45/46/47) while non-abused
participants showed increased activation of the left hippocampus.
The findings of these two fMRI studies complement other studies
ofmaltreatment in so far as enhanced activation in associative and
emotional regions includes the fronto-limbic pathways previously
implicated in childhood maltreatment.
CEREBELLUM
Anderson and colleagues (Anderson et al., 2002) suggested that as
the cerebellar vermis has a protracted ontogeny and a high density
of glucocorticoid receptors, it is highly susceptible to early stress.
They, therefore, used steady-state fMRI (T2 relaxometry) to com-
pare resting blood flow in the cerebellar vermis of a small group of
young adults with a history of childhood sexual abuse, 62.5% of
whom had no diagnosable Axis I psychiatric disorder (Table 2),
and non-abused controls. Abused subjects had higher T2 relax-
ation time (T2-RT) than controls in the vermis but not in cerebral
Frontiers in Human Neuroscience www.frontiersin.org March 2012 | Volume 6 | Article 52 | 15
Hart and Rubia Neuroimaging of child abuse
or cerebellar hemispheres. These findings support their hypoth-
esis that the functional activity of the cerebellar vermis may be
affected by exposure to repetitive sexual abuse.
SUMMARY
All PET andmost fMRI studies carried out in abused subjects have
used whole brain analysis with only four fMRI studies focusing
on ROIs (Table 2, Raine et al., 2001; Anderson et al., 2002;
Dillon et al., 2009; Maheu et al., 2010). Whole brain fMRI and
PET studies of abused subjects have consistently reported altered
activation of prefrontal regions. fMRI studies of inhibition and
working memory have consistently reported altered activation of
DLPFC and inferior PFC (Raine et al., 2001; Carrion et al., 2008;
Mueller et al., 2010),whilst fMRI andPETstudies ofnon-executive
function tasks have demonstrated altered activation of mPFC,
OFC, and DLPFC (Bremner et al., 1999, 2003a, 2004a; Shin et al.,
1999; Schmahl et al., 2004; Croy et al., 2010; Noll-Hussong et al.,
2010). The ACC, considered part of the medial frontal cortex,
also consistently showed altered activation in abused subjects in
motor inhibition (Carrion et al., 2008; Mueller et al., 2010) and
non-executive function tasks (Bremner et al., 1999, 2003a, 2004a,
2005; Shin et al., 1999; Schmahl et al., 2004; Croy et al., 2010). The
findings of abnormal activation patterns of PFC and ACC are in
line with structural MRI findings which reported volume deficits
of PFC and ACC and support the theory that top-down fronto-
limbic and fronto-cortical systems are most affected by childhood
maltreatment.Abnormal activation inOFCandvmPFC, including
ACC, in association with abuse, supports the structural evidence
for deficits in fronto-limbic systems mediating affect control.
Altered activation of DLPFC is consistent with deficits in working
memory, inhibition and attention.
In support of the theory that that the fronto-limbic system is
affected inpeoplewithahistoryofchildhoodmaltreatment,altered
hippocampal activation has been observed in four whole brain
functional neuroimaging studies of traumatic scripts, retrieval of
emotional word pairs, olfaction, and pain (Bremner et al., 1999,
2003a; Croy et al., 2010; Noll-Hussong et al., 2010) and a PET
study of fear conditioning reported altered amygdala activation
in abused subjects (Bremner et al., 2005). An ROI fMRI study of
emotion processing focusing on the amygdala and hippocampus
also reported an increase in hippocampus and amygdala activation
in response to angry and fearful faces in maltreated adolescents
when compared to controls (Maheu et al., 2010).
Relatively few functional neuroimaging studies have tested for
altered function of fronto-striatal pathways in maltreated sub-
jects as only a few studies have utilized tasks that load on the
basal ganglia. However, a study of response inhibition reported
increased activation in subjects with early life stress compared
to controls in the inferior frontal cortex (IFC) and striatum
(Mueller et al., 2010). These regions form fronto-striatal neural
networks for inhibitory control (Rubia et al., 2003, 2007; Aron
et al., 2004) which could explain inhibitory deficits. An fMRI
study of reward processing that focused on a ROI encompass-
ing the basal ganglia reported weaker response to reward cues in
the left globus pallidus (Dillon et al., 2009) indicating that abuse
may be associated with dysfunction in left basal ganglia regions
implicated in reward-related learning and motivation.
Other areas in which altered activation has been observed in
maltreated subjects include the insula and cerebellum. Increased
insula activation has been observed in maltreated adolescents
(none of whom had PTSD) using fMRI during the stop task
(Mueller et al., 2010) and insula activation was shown to differ
between groups ofwomenwith a history ofmaltreatment listening
to traumatic scripts, depending on whether they had developed
PTSD or not (Bremner et al., 1999; Shin et al., 1999). The insula
plays a role in diverse functions including perception, motor
control, self-awareness, cognitive functioning, and is associated
with emotion processing and the limbic system (Augustine, 1996;
Phan et al., 2002). A dysfunction of the insula in abused subjects
may, therefore, be linked to the functional deficits in emotion
processingdiscussedearlier.Decreasedactivationof thecerebellum
was observed in women with a history of child abuse compared
to controls in an fMRI study of olfaction (Croy et al., 2010) and a
ROI fMRI study focusing on the cerebellum reported higher T2
relaxation time for sexually abused subjects than controls in the
cerebellar vermis (Anderson et al., 2002). Functional cerebellar
dysfunction in abused subjects is in line with structural MRI
studies, discussed earlier, which report alterations in cerebellar
volume in maltreated subjects and may be related to the deficits
of emotion discrimination and attention previously described.
As with structural MRI and neuropsychology, functional
neuroimaging studies of childhood maltreatment are also con-
founded by co-morbid psychiatric conditions. PTSD is, again, the
most common psychiatric confound and most functional neu-
roimaging studies have studied subjects with PTSD and other
co-morbidities (see Table 2, Bremner et al., 1999, 2003a, 2004a,
2005; Shin et al., 1999; Lanius et al., 2001, 2003; Anderson et al.,
2002; Schmahl et al., 2004; Carrion et al., 2008; Croy et al., 2010)
or did not screen for psychiatric conditions (Raine et al., 2001).
Only very few studies have tested groups of abused subjects with
no PTSD and very few subjects with other psychiatric conditions
(Maheu et al., 2010; Mueller et al., 2010) or in which only a
very few have PTSD and other co-morbidities (7%, Dillon et al.,
2009). Similar brain regions have been shown to have altered
fMRI activation in studies using abused subjects with and with-
out PTSD. For example, two fMRI studies of response inhibition
reported altered activation in ACC and PFC, one in which sub-
jects had PTSD (Carrion et al., 2008) and one in which they did
not (Mueller et al., 2010). However, a few PET studies compared
women with a history of childhood sexual abuse with and with-
out PTSD and reported group differences in blood flow in PTSD
subjects, compared to subjects with abuse but without PTSD, in
regions implicated in abuse including DLPFC, mPFC, OFC, ACC,
hippocampus and insula, suggesting that these differences were
due to PTSD and not abuse itself (Bremner et al., 1999, 2004;
Shin et al., 1999). This again highlights the difficulties involved
in attempting to separate the effects of abuse and of PTSD.
Most functional neuroimaging studies have used subjects that
were free of psychotropic medications for at least 2–4 weeks prior
to scanning (Bremner et al., 1999, 2003a, 2004a, 2005; Shin et al.,
1999; Maheu et al., 2010) or were completely medication-naïve
(Carrion et al., 2008). Some, however, have not reported the
medication history/state of their subjects (Lanius et al., 2001,
2003; Raine et al., 2001; Anderson et al., 2002; Croy et al., 2010;
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Noll-Hussong et al., 2010) and others have used subjects who
were taking medications such as SSRIs, opioid analgesics, typical
and atypical antipsychotics and SNRIs at the time of scanning or
in the weeks immediately prior to scanning (Schmahl et al., 2004;
Dillon et al., 2009). See Table 2 for details of medication. This is
a potential confound as these medications, especially SSRIs, are
known to affect brain function and have been shown to alter acti-
vation measured using fMRI (Caliguri et al., 2003; Scherck and
Falkai, 2006; Peran et al., 2008; Murphy, 2010).
For result reliability, it is generally thought that sample sizes
should be ≥12 for fMRI (Desmond and Glover, 2002) and
between 10 and 20 for PET (Andreasen et al., 1996), but some
studies discussed here do not satisfy these criteria (Table 2, e.g.,
Raine et al., 2001; Anderson et al., 2002; Bremner et al., 2005;
Noll-Hussong et al., 2010) so their results should be treated as
preliminary. Another limitation of the functional neuroimaging
studies is that there have been very few studies of abused chil-
dren as most fMRI and all PET studies have tested adults with a
history of childhood maltreatment (Table 2). It is important that
both adults and children with histories of maltreatment are stud-
ied as brain changes can develop or normalise over time and the
potential effects are likely to be very different in adults compared
to adolescents, as has been observed for structural changes, for
example, the fact that reduction of hippocampal volume is con-
sistently found to be reduced in abused adults, but not in children
(see Section “Hippocampus”).
OVERALL CONCLUSIONS
In conclusion, there is consistent evidence that childhood mal-
treatment is associated with neuropsychological impairments in
academic achievement, IQ, memory, emotion processing, work-
ing memory, attention, and response inhibition. There is also
evidence for changes in brain structure and function, most con-
sistently in ventromedial and orbitofrontal-limbic regions and
networks of affect control, but with emerging evidence for some
deficits also in lateral fronto-striatal and parieto-temporal regions
that mediate EFs, such as response inhibition, attention, and
working memory (see Figure 2 for a schematic representation
of these networks). However, the majority of the studies inves-
tigating childhood maltreatment are characterized by several lim-
itations, which are discussed here and summarized in Tables 1
and 2. Firstly, the presence of psychiatric disorders is very high
in individuals who have experienced childhood maltreatment
(72%, De Bellis et al., 2001a) and, therefore, most studies of
maltreatment have been conducted in abused children or adults
who also had associated psychiatric conditions, most prominently
PTSD but also depression, anxiety and antisocial behaviors. This
makes it difficult to determine effects that are unique to mal-
treatment as it is not clear whether the structural and functional
differences can be attributed to the child abuse or the associ-
ated psychiatric condition or a combination of both. Therefore,
an important direction for future research would be to attempt
to tease apart the effect of child abuse from the effect of psy-
chiatric co-morbidities on cognitive functioning, brain structure,
and brain function. However, this may not be the best approach
as the psychiatric conditions discussed are not independent from
the maltreatment. This is particularly true for PTSD where, by
FIGURE 2 | Schematic representation of the brain regions and
networks that have been implicated childhood maltreatment in
functional and structural imaging studies. Deficits of fronto-limbic
regions and networks have most consistently been associated with
childhood abuse. However, there is some evidence from more recent
studies, including whole brain imaging analyses, for deficits in fronto-striatal
and fronto-cerebellar networks.
definition, to be diagnosed with PTSD patients must have under-
gone or observed a highly traumatic event, or events, such as child
abuse. Therefore, it is possible that PTSD, and other psychiatric
conditions, can occur as a direct result of maltreatment and it
may be the case that brain changes in abuse survivors may only be
detectable if they are severe enough to produce psychiatric symp-
toms. If this is true, however, it does not rule out the possibility
that the brain changes were present before symptom onset and
may have ultimately led to the symptoms of PTSD, depression,
anxiety etc., observed. Some studies have shown direct correla-
tions between brain deficits and the onset or duration of abuse
(De Bellis et al., 1999, 2002a; Driessen et al., 2000; Cohen et al.,
2006; De Bellis and Kuchibhatla, 2006; Tupler and De Bellis,
2006; Andersen et al., 2008; Choi et al., 2009; Mehta et al., 2009;
Treadway et al., 2009; Tomoda et al., 2010), whilst others have
shown correlations between brain deficits and PTSD symptoms—
see Table 1 (Bremner et al., 2003; Carrion et al., 2007, 2008). This
also highlights the inseparable nature of maltreatment and PTSD
and suggests that they may both contribute to the brain changes
observed. What is of interest and is important to attempt to elu-
cidate is what makes some people resilient to maltreatment whilst
others suffer the negative consequences of psychiatric conditions.
Second, and as a result of these psychiatric conditions, some
subjects were being treated at the time of the study with psy-
chotropic medication (see Tables 1 and 2), most commonly anti-
depressants (SSRIs), but also antipsychotics, mood stabilizers,
alpha-2 adrenergic agonists, opioid analgesics, benzodiazepine,
SNRIs, or psychostimulants (Stein et al., 1997; Driessen et al.,
2000; Mezzacappa et al., 2001; Schmahl et al., 2004; Weniger
et al., 2008; Dillon et al., 2009) which are known to affect
brain structure and function (Murphy, 2010; Nakao et al., 2011),
thus making it impossible to determine whether observed effects
were due to maltreatment, psychiatric co-morbid conditions or
psychotropic medication.
Thirdly, many studies have studied subject samples that are
characterized by very different maltreatment histories, using the
blanket term “maltreatment” to include subjects with a history
of sexual abuse, physical abuse, emotional abuse, neglect, and
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witnessing domestic violence in one sample (Tables 1 and 2).
Different forms of abuse present differently clinically, for exam-
ple, self-harm and eating disorders aremore common in survivors
of sexual abuse (Wonderlich et al., 1997; Weierich and Nock,
2008) and it is, therefore, likely that different types of abuse also
have different effects on behavior and neurobiology. Therefore,
ideally the effects of all forms of abuse should be considered sepa-
rately which some studies (e.g., Hanson et al., 2010) have already
started to address.
Another limitation is that many of the studies discussed in this
review have used relatively small sample sizes limiting their sta-
tistical power (see Tables 1 and 2 for details of sample sizes, e.g.,
De Bellis et al., 2001; Kitayama et al., 2006; Noll-Hussong et al.,
2010). Also, many studies of child abuse have used mixed gen-
der groups of subjects (Tables 1 and 2). There is evidence for
gender differences on brain structure and function in both nor-
mal brain development (Giedd et al., 1999, 2006; Lenroot et al.,
2007; Christakou et al., 2009; Rubia et al., 2010) and psychiatric
patients, e.g., ADHDpatients (Gur et al., 2002; Valera et al., 2010).
It is, therefore, possible that childhood abusemay manifest differ-
ently in different genders and so male and female subjects should
be imaged separately.
The majority of structural MRI, but also some fMRI studies,
have not tested for whole brain effects but have only examined
a priori ROIs (Tables 1 and 2). This is a limited approach as we
do not yet have extensive knowledge of all brain areas affected
by childhood maltreatment and it is possible that ROI studies are
not focusing on the most affected brain regions. This is even more
problematic since most ROI studies were based on prior studies
of relatively small sample sizes that furthermore have included
high rates of comorbidities. This has in particular lead to a bias
of ROIs to focus on limbic areas of amygdala and hippocampus,
while whole brain studies suggest that other brain regions in PFC
and ACC are more consistently affected.
Electroencephalography (EEG) and ERP studies have also
reported differences in brain activation in subjects who have been
exposed to childhood maltreatment, compared to controls, in
the resting state (Ito et al., 1998; Miskovic et al., 2010), during
emotion processing (Pollak et al., 2001; Pollak and Tolley-Schell,
2003; Cicchetti and Curtis, 2005) and whilst recalling traumatic
memories (Schiffer et al., 1995). However, whilst the temporal
resolution of EEG and ERP is very good, the spatial resolution
is limited and currents from deep brain structures contribute
much less than those generated in superficial layers of the cor-
tex (Fabiani et al., 2000). In this review the primary interest was
to elucidate the effect of child abuse on specific brain regions and
networks and we have, therefore, focused our review primarily on
the functional imaging techniques of fMRI and PET.
MRI and PET techniques, however, also have their limitations.
Whilst fMRI has relatively high spatial resolution and the capacity
to demonstrate the entire network of brain areas engaged when
subjects undertake particular tasks, there are limitations relat-
ing to the interpretation of the fMRI signal. The signal cannot
easily differentiate between function-specific processing and neu-
romodulation, between top-down and bottom-up signals, and
it may potentially confuse excitation and inhibition. Also, the
magnitude of the fMRI signal cannot be quantified to reflect
accurately differences between brain regions, or between tasks
within the same region (Logothetis, 2008). PET has similar limita-
tions to fMRI, but additionally has lower temporal resolution due
to signal averaging and the need to give intravenous injections to
the subjects (Peyron et al., 2000).
DTI has shown decreased density of four white matter tracts
in abused subjects, suggesting the communication between brain
regions is affected (Eluvathingal et al., 2006; Choi et al., 2009).
However, this the current evidence for WM tract deficits is only
based on two studies and more DTI studies are needed to further
investigate the effect of childhood maltreatment on white matter
tracts. The limitations of DTI must also be taken into consider-
ation. As well as the uncertainty produced by background noise,
patient movement, and distortion from imaging artefacts, accu-
racy of the constructed fiber tract is limited by the information
contained in the diffusion tensor and in the different methods of
constructing the tracts. Other limitations are that the anatomy of
the white matter tracts must already be known, DTI tractogra-
phy cannot distinguish anterograde from retrograde information
flow and the analysis is based on the assumption that diffusion
has Gaussian characteristics, which is not correct when diffusion
is restricted. Furthermore, tractography is a mathematical esti-
mation of white matter tracts rather than an anatomic depiction
so axonal fibers can appear disproportionately large because of
higher FA (for a review see Mori and van Zijl, 2002).
While there is some evidence for abnormal structural con-
nectivity, so far there are no studies that have tested for func-
tional connectivity deficits. Early environmental adversities are
likely to compromise the development of complex neural net-
works rather than isolated brain regions and hence more focus
should be on structural and functional regional interconnectiv-
ity measures. Further, most studies conducted in patients with
childhood abuse have used one imaging modality only. Future
studies should combine several imaging modalities to elucidate
to what extent abnormal brain structure in fronto-limbic and
fronto-cortical regions is associated with abnormal function in
these areas and how this relates to the abnormal behavioral and
cognitive endophenotype of the disorder. For example, a combi-
nation of MRI, DTI, fMRI, and ERP would allow investigation of
brain structure, connectivity and function with both spatial and
temporal resolution within the same study.
Unfortunately, so far no PET studies have investigated the
underlying neurotransmitter abnormalities in patients with child-
hood abuse. There is consistent evidence for the implication of
monoamines both in normal development as well as in early
stress-induced deviation of normal brain development (Watts-
English et al., 2006; McCrory et al., 2010; Twardosz and Lutzker,
2010). There is evidence for monoamine neurotransmitter recep-
tor and transporter abnormalities in child psychiatric condi-
tions that are typically associated with childhood abuse such as
depression (Drevets et al., 2007), ADHD (Nakao et al., 2011),
and anxiety (Tauscher et al., 2001). Therefore, it is likely that
childhood abuse is associated with abnormal development of
monoaminergic pathways, which could be measured using PET.
In summary, despite all the limitations of the existing liter-
ature, there is emerging evidence that specific brain areas are
affected by childhood maltreatment. When taking into account
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only high resolution structural and functional neuroimaging
studies that have controlled for co-morbid psychiatric conditions
and medication, the main brain regions consistently reported to
have abnormalities in subjects with a history of childhood mal-
treatment are DLPFC, mPFC, OFC, ACC, hippocampus, amyg-
dala, and the cerebellum (see Figures 1 and 2). If ROI studies
are omitted, the hippocampus, and amygdala deficits are not
reported as consistently as the other brain regions. Furthermore,
several structural MRI studies reported that abnormalities of
cerebral cortex, PFC, hippocampus, amygdala, ACC, and cau-
date correlated with the age of onset or duration of abuse, further
strengthening the direct link between childhood abuse and abnor-
malities in these brain regions (see Table 1, De Bellis et al., 1999,
2002a; Driessen et al., 2000; Cohen et al., 2006; Tupler and De
Bellis, 2006; Andersen et al., 2008; Mehta et al., 2009; Treadway
et al., 2009).
In conclusion, the best available evidence suggests that the
pathways affected in subjects with a history of childhood mal-
treatment are predominantly in fronto-limbic networks, includ-
ing mPFC, OFC, ACC, hippocampus, and amygdala. These
pathways are involved in emotion and motivation processing
(Adolphs, 2002; Ochsner and Gross, 2005; Amodio and Frith,
2006; Andersen et al., 2007) as well as the control of aggression
(Davidson et al., 2000). Disruption to these pathways in abused
subjects may, therefore, underlie the observed deficits in emotion
and reward processing as well as excessive aggression or violent
behavior (for a review see Heide and Solomon, 2006). Deficits in
these fronto-limbic networks may be due to the vulnerability of
the frontal lobe to stress effects due to the fact that it has a high
density of glucocorticoid receptors and dopaminergic projections
that are stress-susceptible (Brake et al., 2000).
There is emerging evidence for deficits in other prefrontal
regions such as DLPFC and IFC that, together with their stri-
atal, cerebellar and parieto-temporal connections, are important
for the normal development of EFs, working memory, inhibition,
and attention (Rubia et al., 2006, 2007, 2010; Christakou et al.,
2009; Geier and Luna, 2009; Arnsten and Rubia, 2012), and which
could be the underlying substrates for poor performance on tasks
that tap into these functions (see Figure 2).
While childhood abuse research lends itself optimally to the
study of adverse environmental effects on brain plasticity, there is
recent evidence to suggest gene-environment interaction effects.
Studies of gene-environment interaction have shown that specific
genotypes moderate the association between childhood maltreat-
ment and psychopathology. Several studies, including a meta-
analysis, have shown that carriers of genotypes conferring low
MAO-A activity are more susceptible to antisocial behaviors and
mental illness following early environmental adversity such as
maltreatment (Caspi et al., 2002; Kim-Cohen et al., 2006; Taylor
and Kim-Cohen, 2007; Weder et al., 2009). Furthermore, poly-
morphisms for the promoter region of the serotonin transporter
(5-HTTLPR) gene have also been found to moderate the associa-
tion, so that childhood maltreatment increased the risk of depres-
sion in early adulthood for persons with the common “short”
allele compared to persons with the long allele (Caspi et al., 2003;
Cicchetti et al., 2007), although some studies found the associa-
tion only in girls (Aslund et al., 2009). Imaging genetics studies,
furthermore, have found an association between these two genetic
polymorphisms (i.e., low activity MAO-A VNTR genotype and S
allele of 5-HTTLPR) and the structure and function of emotion
processing brain regions such as the OFC, anterior cingulate and
orbitofrontal-amygdala networks (for review see Scharinger et al.,
2010). Future neuroimaging studies of childhood abuse should,
therefore, include testing for specific candidate genotypes that
may moderate the association between childhood abuse, psychi-
atric comorbidities and brain structure and function deficits in
order to elucidate the interaction between genes, environment,
the emergence of psychopathology and underlying brain deficits.
In conclusion, future studies of the neuroimaging substrates
of childhood abuse need to address the limitations of previous
imaging studies by applying multimodal imaging that combine
structure and function measures, by focusing more on structural
and functional neural networks in addition to isolated regions by
differentiating between different types of abuse, and by addressing
and controlling confounds of psychiatric co-morbidities, medi-
cation and gender effects. Testing for candidate genes that have
been found to be associated with adverse mental health outcome
after child abuse could furthermore elucidate gene-environment-
imaging interactions.
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